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Background: Cryptogenic organizing pneumonia (COP) is a rare disease, and its diagnosis
requires histological confirmation. The objective of our study was to describe the findings of
the thoracic high-resolution computed tomography (HR-CT) and bronchoalveolar lavage
(BAL) in patients with confirmed COP and evaluate the complementary diagnostic use of BAL
and thoracic HR-CT.
Methods: Patients recorded in the registry of interstitial pulmonary diseases between 1991 and
2008 were located and the COP patients selected.
Results: We identified 21 patients with histological confirmation of COP. The median age was
58.0  15.9 years, and 61.9% of patients were female. The most frequent thoracic HR-CT
profile was patchy infiltrate (71.4%), followed by parenchymatous consolidation (42.9%). The
most frequent BAL profile was mixed alveolitis (62%) with lymphocyte predominance, a CD4/
CD8 index of 0.4 and foamy macrophages. The effectiveness of transbronchial biopsy was
66.6%. The diagnostic utility of Poletti’s BAL criteria gives us a specificity of 88.8%, although
the sensitivity obtained was low. The specificity of certain HR-CT profiles is 99%. In addition,
we observed a complementary use of the HR-CT and the BAL.
Conclusions: The imaging findings and BAL could be useful for patients with appropriate cli-
nical presentation and for those whose transbronchial biopsy is negative or for whom a confir-
matory biopsy cannot be performed.
ª 2010 Elsevier Ltd. All rights reserved.55012189/2190; fax: þ34 955012190.
ail.com (L. Jara-Palomares).
0 Elsevier Ltd. All rights reserved.
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The first descriptions of organizing pneumonia were given
by Charcot1 in the second half of the 19th century, although
the concept of organizing pneumonia as a histopathological
profile emerged under different names at the beginning of
the 20th century2,3 and acquired importance in the 1980s
with specific clinical and radiological manifestations that
had no apparent cause.4,5
Cryptogenic organizing pneumonia (COP) makes up
between 1.8% and 13% of all interstitial lung diseases (ILDs)
according to different studies.6e9 A retrospective study
showed that the incidence was 1.10/100,000 inhabitants10
with increased incidence in the last 20 years.10,11 It
affects men and women equally, and is predominant during
the sixth decade of life.4,5 The patient tends to present
a slow onset and a semi-acute clinical profile of coughing,
fever, dyspnoea and crackles, the chest X-ray shows
a unilateral or bilateral alveolar infiltrate11,12 and it
generally responds well to corticosteroids. The most
frequent radiological pattern for thoracic CT shows patchy
areas of consolidation (peripheral, bilateral, with an aerial
bronchogram, and sometimes migratory).13
Although transbronchial lung biopsy (TBLB) is not
considered to be very cost-effective for most ILDs,14 for
COP it has been described with a cost-effectiveness of up to
74%.15 Video-assisted thoracoscopic lung biopsy is the gold
standard for the diagnosis. However, the frequency of
carrying out these surgical biopsy techniques to confirm
these pathologies varies between 7.5%16 and 30%.9,17 This
technique has its contraindications, and is associated with
a varying morbidity and mortality that depends on the
patient’s functional state and the associated co-morbidity.
Bronchoalveolar lavage (BAL) is indicated for all cases in
which this pathology is suspected, since it helps to rule out
other diagnoses and determines a cause of secondary
organizing pneumonia.13
In many cases, the diagnosis of COP is based on clinical
and radiological criteria, and especially HR-CT,18 which in
some studies has shown a reliability of up to 79%.19 When
we associate TBB and BAL, the diagnostic sensitivity rea-
ches 86%.15 BAL could be useful in cases in which clinical
and radiological presentation suggests COP with non-diag-
nostic TBB, or when it is not possible to perform a confir-
matory biopsy.15,20
The aim of our study was to describe radiological and
BAL findings in patients with confirmed cases of COP.Methods
Patients were taken from the Interstitial Pulmonary Disease
Unit, the Pulmonology Department’s hospitalisation floor
and the Collagenosis Unit of the Internal Medicine Depart-
ment at the Virgen del Rocio Hospital in Seville from 1991 to
2008. Epidemiological data, personal history, clinical and
radiological data, respiratory function, analytical data,
microbiological studies with cellular and immune parame-
ters in BAL fluid, TBB findings or pulmonary biopsy findings
and the definitive diagnosis were all recorded. Patient
consent was obtained to analyse data from proven cases.Exclusion criteria
Patients with a history of connective tissue disease,
immune disorders, radiation treatment, aspiration pneu-
monia, transplants, cancer or lymphoma, or those with
positive serology for certain pathogens and those with
a history of taking potentially pneumotoxic drugs were
excluded.
HR-CT was performed according to a previously estab-
lished protocol. The radiological patterns used were as
follows: 1) patchy infiltrate (two or more pathological
dense areas in the lung, whether unilateral or bilateral); 2)
parenchymatous consolidation; 3) ground-glass opacity; 4)
adenopathies; 5) micronodules; 6) interlobulillar septal
thickening; 7) pleural effusion; 8) honeycomb lung; 9)
traction bronchiectasis.
In all cases, BAL was performed, and it was associated
with TBB whenever a lack of contraindications allowed this
to be carried out. BAL was performed according to the
previously established protocol.21,22 An immunological
study was performed using the immunoperoxidase tech-
nique in cryopreserved samples, and it included the esti-
mation of the percentage of cells expressing antigens
associated with the T-cell count: CD3, CD4, CD8 and CD56.
The percentage of CD3þ lymphocytes, as well as of the lack
of expression of CD4 and CD8 (CD3þCD4-CD8- or double
negatives), were also estimated.Diagnostic criteria
All cases included were histologically confirmed. To the
effects of analysing the utility of HR-CT and the BAL, we
also included all patients (n Z 152) with the most
frequently occurring ILDs in our area with histological
confirmation (idiopathic pulmonary fibrosis, sarcoidosis,
hypersensitivity pneumonitis and chronic eosinophilic
pneumonia). In this way, we calculated the sensitivity (S),
specificity (Sp) and the positive and negative predictive
values (PPV and NPV) for the radiological patterns and BAL
Poletti’s criteria. Poletti et al.14,20 have studied the BAL of
patients with COP. They described BAL criteria for defining
NOC: > 25% lymphocyte count (with a CD4/CD8
count < 0.9) combined with at least two of the following
criteria: foamy macrophages > 20%, >5% neutrophils and/
or 2% and <25% eosinophils (moderate neutrophilia and/or
eosinophilia).
Statistical study
We used descriptive statistics expressing absolute and
relative frequencies, the mean and standard deviation. For
those variables with an asymmetrical distribution we
calculated the median and interquartile range. Proportions
were compared using the X2 test. To compare categorical
and continuous variables we used the Fisher exact
probability test and the Student T-test, respectively. In all
analyses we considered the study to be statistically
significant where p < 0.05. Statistical analysis was carried
out using the SPSS computer program, version 13.0 (SPSS
Inc. Headquarters, Chicago, Illinois, USA).
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Population included in the study
During the period of study, a total of 763 patients with ILDs
were included, of whom 106 were diagnosed with orga-
nizing pneumonia. Once the criteria for secondary orga-
nizing pneumonia were applied, we obtained a sample of
82 patients with COP, and 21 of them had histological
confirmation. The remaining 61 patients were defined as
probable COP without histological confirmation.
Patients with COP had a mean age of 58.0  15.9 years,
and were predominantly female (61.9%); 57.1% were
smokers or ex-smokers. The procedures for sample collec-
tion were BAL (n Z 21), TBB (n Z 21), and video-assisted
thoracoscopy (n Z 15). TBB was positive in 14 of the 21
patients who underwent the test, which shows an overall
effectiveness of 66.6%. Video thoracoscopy was done in 15
cases: eight of them to rule out secondary organizing
pneumonia, and seven to confirm diagnosis in negative TBB.
To evaluate the findings of HR-CT and BAL, patients
with COP were compared with the set of ILDs patients
with histological confirmation (n Z 152). Patients in this
group presented the following: idiopathic pulmonary
fibrosis (n Z 62), sarcoidosis (n Z 63), hypersensitivity
pneumonitis (n Z 19) and chronic eosinophilic pneumonia
(n Z 8).
Radiological pattern of the HR-CT in COP
The most frequent radiological finding in our study was the
presence of patchy infiltrate, which was visible in 15 cases
(71.4%). Forty-two point nine percent presented paren-
chymatous consolidation, and 14.3% presented mediastinalTable 1 HR-CT findings compared between patients with COP a
Radiological pattern Total
(n Z 173)
Parenchymatous consolidation 17
(9.8%)
Mediastinal adenopathies 67
(38.7%)
Ground-glass opacity 35
(20.2%)
Patchy infiltrate 23
(13.3%)
Micronodules 36
(20.8%)
ISTc 41
(23.7%)
Pleural effusion 3
(1.7%)
Honeycomb lung 34
(19.7%)
Traction bronchiectasis 15
(8.7%)
a Cryptogenetic organizing pneumonia.
b Hypersensitivity pneumonitis, sarcoidosis, idiopathic pulmonary fi
c IST: interlobulillar septal thickening.adenophaties. Table 1 lists the most frequent radiological
patterns in COP.Cellular immune parameters in BAL fluid
All patients underwent BAL. The BAL showed a high cell
concentration and the profile of mixed alveolitis was the
most frequent (62%), followed by lymphocyte alveolitis
(28.8%). In mixed alveolitis, we observed a predomination of
lymphocytes with a CD4/CD8 ratio of 0.4þ/1.3 (medianþ/-
range), see Table 2. In our study we identified a 49þ/15.9%
of alveolar macrophages. A common finding was the
appearance of a high percentage of foamy macrophages.Findings in HR-TC and BAL in suspected COP (without
histological confirmation)
Diagnosis in this group of patients was obtained through the
clinical, HR-CT and monitoring response to treatment and
follow up.
The most frequent radiological finding was the presence
of patchy infiltrate, which was visible in 36 cases (59%),
nearly 20% presented ground-glass opacity, 11.5% paren-
chymatous consolidation and 9.8% mediastinal
adenopathies.
BAL showed a high cell concentration and the profile of
mixed alveolitis was the most frequent (60%), followed by
lymphocyte alveolitis (30%). In mixed alveolitis, we
observed a predominance of lymphocytes with a CD4/CD8
ratio of 0.32þ/2.09 (medianþ/range). Forty-four
percent of the macrophages showed a foamy cytoplasm.
There were no significant differences between histologi-
cally confirmed cases or unconfirmed cases.nd the rest of the ILDs patients with histological confirmation.
COPa
(n Z 21)
Other ILDsb
(n Z 152)
p
9 8 <0.001
(42.9%) (5.2%)
3 64 0.014
(14.3%) (41.6%)
2 33 0.19
(9.5%) (21.5%)
15 8 <0.001
(71.4%) (5.2%)
2 34 0.17
(9.5%) (22.1%)
1 40 0.03
(4.8%) (26%)
2 1 0.004
(9.5%) (0.7%)
0 34 0.02
(0%) (22.1%)
1 14 0.50
(4.8%) (9.1%)
brosis, chronic eosinophilic pneumonia.
Table 2 Cellular distribution and lymphocyte sub-pop-
ulation data from BAL fluid in COP patients.
Cellular distribution studya
Alveolar macrophages (%) 49.1þ/15.9
Lymphocytes (%) 41þ/13.6
Neutrophils (%) 6.2þ/7.1
Eosinophils (%) 3.9þ/6,6
Plasma cells (%) 0.2þ/0.4
Lymphocyte sub-population studya
CD3þ lymphocytes (%) 95%þ/18
CD4þ lymphocytes (%) 28þ/54
CD8þ lymphocytes (%) 70þ/66
CD56 þ lymphocytes (%) 0.9þ/3.1
CD3þCD4-CD8- lymphocytes (%) 0.9þ/19
CD4/CD8 index(%) 0.4þ/1.3
Data expressed as the median  range.
a Bronchoalveolar lavage.
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histological confirmation (COP vs. all other ILDs)
The most characteristic COP profiles, and those that
showed a statistically significant difference, were as
follows: parenchymatous consolidation (p < 0.001), patchy
infiltrates (p < 0.001), and pleural effusion (pZ 0.004), see
Table 1. The profiles found most frequently in other ILDs
and which showed statistically significant differences were
honeycomb lung (p Z 0.016), mediastinal adenopathies
(pZ 0.014) and interlobular septal thickening (pZ 0.029).
We analysed the S, Sp, PPV and NPV for the radiological
patterns, both individually and globally (Table 3). We
obtained a higher performance rate when we associated
patchy infiltrate, parenchymatous consolidation, absence
of honeycomb and absence of interlobular septal thickening
(S, Sp, PPV and NPV at 38.1%, 99.3%, 92.1% and 88.9%
respectively).
Complementary diagnostic use of thoracic HR-CT and
BAL in patients with histological confirmation
As mentioned previously, the presence of the four radio-
logical criteria in the HR-CT (patchy infiltrate,Table 3 Evaluation of the diagnostic usefulness of HR-CT and B
Sensitivity
HR-CT findings
Absence of honeycomb 100
Absence of ISTc 95.2
Patchy infiltrate 76.2
Parenchymatous consolidation 57.1
Four radiological patternsd 38.1
BAL findings
Poletti’s Criteria 20.0%
a Negative predictive value.
b Positive predictive value.
c IST: interlobulillar septal thickening.
d Parenchymatous consolidation þ patchy infiltrate þ absence of hoparenchymatous consolidation, absence of interlobular
septal thickening and absence of honeycomb) would have
supported the diagnosis in 38.1% of the patients.
In order to evaluate the usefulness of BAL in those
patients without histological confirmation, we analysed the
cases with histological confirmation (n Z 21) and calcu-
lated the diagnostic usefulness of Poletti’s diagnostic
criteria. Values for S, Sp, PPV and NPV were 20%, 88.9%,
89.5% and 19%, respectively. With these criteria, 20% of the
patients would have been diagnosed (Table 2).
With the premise of either of the two criteria (HR-CT
findings and/or Poletti criteria), we obtain a highly likely
diagnosis in 52.4% of cases, which shows the complemen-
tary nature of both techniques.
Discussion
In our study, the incidence of histologically confirmed COP
was 12.1% of the ILDs, which is within the previously
described range (1.8e13%).6e9 Regarding smoking, the
findings of our study are in line with published data; we
found no correlation with tobacco use (the majority of our
patients are former smokers or non-smokers).11,13,23
The most frequent radiological pattern in our study was
patchy infiltrate, followed by parenchymatous consolida-
tion, as has been previously described.13,15 Although
pleural effusion is infrequent in COP, several studies have
documented it, with an incidence rate that varies between
5% and 27%.5,15,24
The majority of our patients had no histological confir-
mation (only 21 of 82 patients with suspected NOC). The
clinical course of the process, comorbidities, TBB contrain-
dications and rapid response to empirical treatment with
corticosteroids made it difficult to confirm the diagnosis in
many cases. As indicated in a review by Cordier et al.10
diagnosis of COP without a surgical biopsy is justifiable. This
should be considered in critical patients (particularly elderly
ones) provided that the clinical diagnosis is performed by
expert clinicians.23 The application of these criteria in
conjunction with TBB can increase the frequency with which
this pathology is normally described in different studies.
Evaluation by expert radiologists using thoracic HR-CT
has demonstrated a diagnostic reliability of 62e79% forAL in patients with histological confirmation COP.
Specificity NPVa PPVb
23.7 15.3 100
27 15.3 97.6
94.7 66.7 96.6
95.4 63.2 94.2
99.3 88.9 92.1
88.9% 19.1% 89.5%
neycomb þ absence of IST.
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mentary nature of HR-CT together with BAL, since they
allow us to establish a highly likely diagnosis with a high
specificity. One of the limitations of our work is the low
sensitivity of BAL, but high specificity helps us in those
patients without histological confirmation. These results
should be supported by multi-centre studies constructed in
such way to permit a larger sample size.
It is useful to know the clinical evolution of the patient
and the response to treatment with corticosteroids. In
many cases diagnostic confirmation by means of surgical
biopsy is questionable. In fact, case series giving a diagnosis
by TBB are not infrequent, with a variable cost-effective-
ness between 30% and 74%.11,15,17,25,26 Barroso et al25
achieved a 63% diagnostic cost-effectiveness with TBB,
and Cazzato et al15 diagnosed organizing pneumonia using
TBB in 74% of their patients. Given the particular evolution
of patients with this pathology, we thought that during the
acute phase, techniques such as TBB, BAL and thoracic HR-
CT should be used for purposes of diagnosis, and surgical
techniques should be avoided in selected patients.
One of the limitations of accepting the diagnosis of COP
using TBB is the low diagnostic sensitivity, the samples
should be small and the affected area is usually patchy.
Furthermore, even when TBB findings are suggestive of COP
very strict pathological diagnosis criteria are required, and
for this reason even those TBB characteristics typical of
COP cannot confirm it. Our group thinks that this problem
can be solved by preparing a diagnosis protocol such as that
described in the methodology, and with a follow up on
those patients. This opinion is supported by other authors
such as Barroso et al25 and Davison et al.4
BAL is indicated for all patients with organizing pneu-
monia because it helps to rule out other diagnoses and
determines the cause of the organizing pneumonia. The
study of BAL cellular distribution is similar to that published
by other authors.11,12,15,20,23,27 It shows lymphocytosis with
a low CD4/CD8 ratio and with a slight increase in neutro-
phils and eosinophils. A high percentage of the alveolar
macrophage population presents cytoplasm with a foamy
appearance. This finding, while frequent, is unspecific, as it
can be observed in other pathologies such as bronchiolitis
obliterans, hypersensitivity pneumonia or aspiration pneu-
monia. For this reason, the diagnostic criteria state that
when this finding is seen, it can be added to the cellular
immune and inflammatory pattern as described. The study
of the cellular and immune distribution allows us to
distinguish COP from other processes, such as chronic
eosinophilic pneumonia (in this disease, the BAL shows
a characteristic expansion of the eosinophil population,
with a percentage higher than 25%) and hypersensitivity
pneumonia (although in this disease we also find an inver-
sion of the CD4/CD8 ratio, we observe a higher natural
killer [NK] population).
If we analyse Poletti’s criteria,20 we see how the spec-
ificity obtained in our study (88.89%) is higher than
described by that author (57%). This disparity between the
results may be due to the fact that we analysed all patients
with ILDs to calculate the specificity, while Poletti analysed
selected patients. These results may also be due to the
sample size. Given the diagnostic value of these criteria,
we think that they could be used like those described inother diseases such as idiopathic pulmonary fibrosis or
sarcoidosis.28,29 This value should be expressly reported in
the procedures for diagnosing and treating ILDs. Therefore,
studies designed for this purpose should be considered.
Neither the pulmonary function nor the radiology tests
were shown to be a prognostic factor for relapse. Some
authors have suggested that a high T-cell count can indicate
a good response to the treatment, and that a high number
of neutrophils and/or eosinophils could predict a poor
response.12,30 It would be interesting to carry out studies to
evaluate the role of BAL in the prognosis and/or response to
the treatment. It would be also interesting to determine
the variability of BAL findings in different patterns of HR-
CT. This is already described in other interstitial diseases
depending on the stage.
Though COP incidence in our study is low, it could be
significantly higher if we use HR-CT and BAL diagnostic
criteria instead of confirmatory biopsy (there are 82
patients diagnosed with likely COP as we commented at the
beginning of the results section). Most of the cases
confirmed histologically were confirmed using TBB. The
most frequent finding by HR-CT was the presence of patchy
infiltrates, followed by parenchymatous consolidation. The
most frequent BAL finding was mixed alveolitis with
a predominance of lymphocytes and a low CD4/CD8 ratio.
In conclusion, if there are no contraindications, the first
step in diagnosing this condition would be to perform a TBB
and BAL.15,20 The imaging findings and BAL could be useful
for patients with appropriate clinical presentations and in
those for whom TBB is negative or where a confirmatory
biopsy cannot be performed.15,20
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